Objective. The aim of the study was to assess the impact of a fattening season on the level of airborne chemical and microbial pollutants in the pig fattening house. Materials and method. Evaluation of the air composition as well as the microbiological air quality were made during 2 series, i.e. in the summer and winter period of fattening. Airborne gaseous pollutants were analyzed by gas (organic compounds) and liquid (inorganic compounds) chromatography methods. Air microbial contamination was determined in compliance with the Polish Standard PN-EN 13098:2007. Results. The air/gas composition in the pig unit showed that irrespective of the fattening season, the level of determined pollutants -especially ammonia, volatile organic compounds (VOCs), including methanethiol and total dust -could have an adverse effect on the health of swine facility workers. The investigated pig building was found to be a source of chemical pollutants as well as biological agents. The total bacterial count in 1 m 3 of air was 3.6×10 6 and 4.6×10 6 cfu, during the winter and summer periods of fattening, respectively. Gram-positive cocci predominated in both seasons. In the winter, fungi of the Trichoderma genus were represented equally often. In the summer period, up to 90% of the isolated fungus was Aspergillus spp. Conclusions. Workers engaged in swine rearing and production are occupationally exposed not only to a high concentration of microbial contamination, but also to irritating and odorogenous volatile compounds. Thus, activities directed at the promotion of health prevention strategies, as well as effective guidelines for safe and hygienic animal housing, should be implemented.
INTRODUCTION
Indoor air in an animal building is contaminated with the products of decaying organic matter, i.e. alcohols, aldehydes, amines, organic chlorine compounds, and those emerging during sulphur amino acid metabolic processes in the animal gastrointestinal tract -sulfides and thiols [1, 2] . Common components of the breeding environment are microbial pollutants, such as bacteria, fungi, viruses and their metabolites. The pollutants accumulated in confined animal buildings can pose serious health hazard to workers [3] .
Most of the determined volatile organics (VOCs) are generated during the fermentation of fresh or stored animal manure and decomposing spoiled feed. The air contaminated with volatile chemicals produced at the breakdown of organic matter of animal origin can have toxic, irritating and even carcinogenic effects. These substances are irritants for the mucous membrane of the eyes, nose, throat and skin [4] . Schiffman et al. [4] report that these pollutants stimulate sensory nerves and cause neurochemical changes and, in turn, affect health. Long-term exposure to VOCs contributes to compromised immune function in humans and leads to numerous diseases [5, 6, 7, 8, 9, 10, 11] . The symptoms, such as irritation of the eyes, nose and lips, headache, diarrhea, hoarseness, lip ulceration, cough, chest tightness, palpitation, shortness of breath, stress, drowsiness and mood disturbances, are symptoms commonly reported by residents living near swine farms [4] . Symptom intensity is dependent on air pollution concentration [12] . Irritation produced by volatile organic substances can also induce respiratory diseases/asthma [4] , especially when VOC concentration in the air exceeds 2.5 mg/m 3 [12] . It should also be borne in mind that pig facility workers are exposed to the influence of a whole complex of airborne factors. Here, besides the chemical factors, biological factors and organic dust (which is their main transmitter) occur in high intensity. According to the Regulation on Hazardous Biological Agents, implemented by European Council Directive 2000/54/EC, farmers are classified into the groups occupationally-exposed to biological agents at their workplace.
Air microflora composition depends primarily on the health status of the managed animals, hygiene conditions, quality of feedstuff and bedding. Nehme et al. [13] applied the methods of molecular technology and reported that the major source of microbial contamination of pig unit air is swine manure. In the pig house bioaerosol, fermenting bacteria were isolated which are characteristic for the anaerobic environment of the gastrointestinal system, including Grampositive bacteria from the genus Eubacterium, Clostridium, Bacillus-Lactobacillus-Streptococcus and Bacteroides, with the Clostridium bacteria group dominating. Studies by Predicala et al. [14] found that Gram-positive bacteria identified in swine building air were dominated by the genus Staphylococcus, Bacillus, Listeria, Enterococcus, Nocardia and Lactobacillus, whereas Gram-negative bacteria were mainly represented by Pseudomonas genus bacteria. According to Zucker and Müller [15] , Gram-negative bacteria constituting the pig unit bioaerosol belonged to the family Enterobacteriaceae (71.2%), Pseudomonadaceae (22.7%) and Neisseriacceae (6.1%) most frequently. Among them, Escherichia coli, Enterobacter agglomerans and Acinetobacter baumannii were most abundant. Most of bacteria were saprophytes, although some of them can be pathogenic or conditionally pathogenic.
The presence of moulds inside swine housing units is also considered a key biological risk factor. Pig farmers make up a group associated with heavy occupational exposure to inhalable mould spores. Adverse human health effects of fungi from the genus Aspergillus, Penicillum, Fusarium, Stachybotris or Trichoderma are generally known.
The environment of the animal facility favours rapid microbial multiplication and development, especially when appropriate sanitary and hygiene conditions are not maintained [16] . The most harmful biological agents present in the organic dust from hay, grain, animal skin and hair, are bacteria and fungi of animal and plant origin, together with the substances produced by them with allergenic and immunotoxic properties [17] . They can induce asthma, allergic rhinitis, extrinsic allergic alveolitis (EAA), chronic bronchitis, mucous membrane irritation, and other communicable diseases including zoonoses [18] .
When inhaled, the bioaerosol with organic compounds derived from microorganisms (endotoxins, peptidoglycans, glucans and mycotoxins) induces an allergy-like effect on the pulmonary immune system, the so-called immunotoxic reaction. As a consequence, a fairly common disease known as toxic syndrome of organic dust (ODTS) (previously called mycotoxicosis) occurs [18] .
The emission of hazardous agents associated with intensive pig farming poses a considerable health risk for workers engaged in livestock rearing and breeding. The problem pertains to a vast group of people, and data from the Central Statistical Office in Poland indicate that nearly 300,000 farms deal with pig production with private farms accounting for 99.8%. Notably, most of farms are not supervised or controlled by the National Labour Inspectorate; consequently, no monitoring of the exposure levels of pig workers on swine farms is performed.
The objective of the presented study was to evaluate the effect of the fattening season on the airborne chemical and microbial contamination level in a pig fattening unit.
MATERIALS AND METHOD
The study was conducted on a private swine farm, average 105 LU. The animals were housed in 3 separate pig buildings: 1) with 2 boar stalls; 2) with a farrowing and rearing unit; 3) finishing unit -the fattening house. Air pollution monitoring was carried out in 2 chambers of the fattening unit.
The study included 2 full fattening cycles conducted in the summer and winter periods. The study commenced in January (winter period of fattening) and August (summer period of fattening) after the growing pigs of 25±2 kg body weight were introduced to the fattening facility. The studies lasted for the subsequent 4 months, until 112±4 kg body weight of pigs was acieved. The animals were managed in a straw-bedded deep litter which was removed once after each production cycle. Throughout the study period, the average animal number was 100 units/chamber and stocking density 0.8m 2 /unit. The ventilation system in the finishing unit was based on natural-mechanical ventilation with a thermal sensor. Fans automatically switched on when the indoor temperature rose to 18 °C. At low temperatures, the air exchange was accomplished only naturally.
In each chamber, 2 stationary sampling points were established. A total of 40 air samples were collected (20 in the summer and 20 in the winter period of fattening). Samples were always taken at the same time, 08:00, at the height of ca.1.5 m above the floor, i.e. the workers' breathing zone. At the same time, the concentration of total dust in the swine fattening facility was measured, likewise, the relative humidity and temperature of the air and air movement were controlled.
Airborne gaseous organic pollutants were analyzed by the gas chromatography method. The air samples (2-3 dm 3 ) were collected using an electrical pump into Tedlar bags (Sensdidyne, Inc., Clearwater, USA). Organic substances present in the air samples were concentrated and then desorbed with a kit for thermal desorption (TDV Model 890, Dynatherm, Analytical Instruments, Inc., Oxford, USA), and for the chromatography system (HP 5890 series II, Hewlett Packard, Santa Clara, USA) equipped with a selective flame photometric detector (FPD) combined with S-filter of 393 nm wavelength.
Determination of inorganic compounds in the air samples, collected in bubblers, was performed with an ion chromatography system, using a liquid chromatograph connected with an analytical column IC-PAK Anion HR (Waters Corp., Milord, USA) combined with a conductometric detector and UV.
Air microbial contamination was determined in compliance with the Polish Standard PN-EN 13098:2007 by an aspiration procedure using a GilAir 5 air sampling pump (Sensdidyne, Inc., Clearwater, USA). The equipment operated at an airflow of 4 dm 3 /min. The measuring set was calibrated before each sampling procedure. The total count of bacteria and microscopic fungi was determined by the dilution plate method with surface inoculation onto suitable agar growth media. As for the total bacterial count (TSA medium -tryptic soy agar with 5% sheep blood), incubation was 7 days at 37 o C (1 day), 3 days at at 22 o C, and 3 days at 4 o C [19] . Total fungal numbers were established through air samples inoculation onto MEA medium (malt extract agar) with chloramphenicol, and incubation for 7 days -4 days at 30 o C and 3 days at 25 o C. After incubation, the grown microbe colonies were assayed, the number of morphological types determined, their concentration in 1 m 3 of air estimated and expressed in colony forming units (CFU). Identification of recovered microorganisms was performed with the microscopic method (moulds) and on the basis of their metabolic properties (bacteria) and API tests (bioMerieux, Poland, Warsaw).
Dust level in the air was measured by a gravimetric method, with the air samples drawn via an aspirator (224-PCEX8, SKC, Dorset, UK). Air temperature, humidity and air movement determination was performed using standard proceduresa thermohygrometer (RT811E, Technik, Warsaw, Poland) and an anemometer (A-1200M1, OBRAiUP, Lodz, Poland).
The obtained research results were analyzed statistically. All the determination results were characterized with arithmetical mean (M) and the range of the values determined (MIN -MAX). Analysis of the seasonal effect on concentration of the air pollutants determined was conducted using the non-parametric Wilcoxon test with statistical software Statistica v.9.1. (StatSoft Inc., Tulsa, USA).
RESULTS
Compared to the summer fattening period, in the winter period there was determined a lower temperature (on average 7.5 °C), but a higher relative moisture content (on average 19.9%) and air movement (on average 0.1m/s) (Tab. 1). Average concentration of total dust in the ambient air was higher in the summer period of fattening by 3.7 mg/m 3 . The differences were statistically insignificant (P>0.05).
Results of the chromatographic analysis demonstrated substantial fluctuations. Total concentration of gaseous organic pollutants was slightly higher during the lower temperature period (p>0.05) (Tab. 2). Among the identified pollutants, aldehydes and alcohols showed the highest level. Low-rate winter ventilation contributed to the elevated concentration of xylene and trichloroethylene (p<0.05). The presence of pentanal and naphtalene (p<0.05) was recorded only in the summer. Statistical differences were not reported for gaseous inorganic air contaminants (Tab. 3) and only an average chloride content was significantly higher than in the winter season (p<0.05).
Airborne gaseous sulfur compounds in the finishing unit reached a several times higher concentration in the summer period of fattening (Tab. 4); however, the differences were statistically significant (p<0.05) only for dipropyl sulfide. In this group of pollutants, thiols were determined at a very high level. In the winter season, methanethiol concentration exceeded 55 mg/m 3 in individual samples. The microbiological studies carried out in both seasons did not show statistically significant differences in microbial concentration (Tab. 5); however, in the summer period, the air of the fattening unit contained more pollutants of bacterial origin, compared to the winter season when contaminants of fungal origin prevailed (p>0.05). As for bacterial air pollutants, in both measurement periods of fattening, Gram-positive cocci were most abundant and their percentage reached 82.7% in the winter (Fig. 1) . Only in the period of low temperatures, Corynebacterium afermentans and Enterococcus faecalis were identified in the fattening house air (Tab. 6). Among the fungi recovered from the finishing unit, those from the Aspergillus genus were most common. In the winter, fungi of the Trichoderma genus were represented equally often. 
DISCUSSION
The chemical composition of air in the swine building clearly differs from that of atmospheric air since it contains several times more carbon dioxide, ammonia and hydrogen sulfide, as well as increased concentration of numerous volatile organics (VOCs) [1, 2] . In Poland, there are no limit values set for VOCs in air, while according to the Committee for the Dutch Health Council, the permissible airborne VOC concentration to which people can be exposed in the workplace was estimated to be 0.2 mg/m 3 [20] . The study of swine unit air showed that mean concentration of all, including unidentified, VOCs exceeded 2 mg/m 3 , irrespective of the season; therefore it was 10-fold higher than the recommended value. The analyzed air contained as many as 17 gaseous compounds regarded as harmful chemical agents with exposure limits in the work environment and the established maximum permissible concentration (MPC). Although the determined compounds were detected in subtoxic concentrations, importantly, the presence of at least 2 hazardous constituents in inhaled air can induce various symptoms and exacerbate the adverse effects on the human organism.
The hygienic quality of fattening house air was lowered due to a very high ammonia level. [21] , but higher than those reported by Banhazi et al. [5] , Staicu et al. [22] , and Rzeźnik and Mielcarek [23] .
The analyzed air samples also exhibited a high level of sulfur compounds, especially methyl and ethyl thiols, compounds formed at sulfur amino acid metabolism in the swine gastrointestinal tract [2] . In the winter season, the average methanethiol level (9.5 mg/m 3 , maximal level 55.9 mg/m 3 ) was far above the permissible concentration (1 mg/m 3 set for the work environment) (Dz.U.2014.817). The present study shows that the level of pollutants determined was affected by the outdoor air temperature. Higher contamination concentration, although not statistically significant for all compounds, was observed in the colder season with restricted air exchange to maintain thermal-zoohygienic conditions. A lowered ventilation rate led to marked VOC accumulation, increased in the level of air BTX compounds (benzene, toluene and xylene), indoles and methane, and contributed to very high trichloroethylene and hexanal. The period of higher temperatures was marked by a distinct increase in the concentration of sulfides and alcohols -compounds produced at degradation/fermentation of faeces. This was associated with high microbial activity in the analyzed environment. Besides, a high concentration of total dust was observed in the pig building, its concentration, especially in the summer, greatly exceeded the established hygiene limits (4 mg/m 3 ) (Dz.U.2014.817). The study results reported by Bottcher [24] confirm that organic dust originating predominantly from feed, faeces and animal skin is major factor of pollutant emission occurring in animal production buildings. Von Borell et al. [25] highlight that increasing air dust concentration contributes to an increased content of not only ammonia and odorogenous compounds, but also to the overall count of microorganisms released into the air.
The presented study shows a very low sanitary state of air in the analyzed pig facility. Total bacterial count in 1 m 3 in air in the winter season was 3.6×10 6 cfu, whereas 4.6×10 6 cfu in the summer. High air microbial contamination in pig units has also been reported in other countries [5, 26] . The obtained values were many times higher than the occupational human health-oriented hygienic norms (2.0×10 5 cfu/m 3 ) for this sector [27] .
Despite a lack of established standards on the allowable levels of air biological contamination, there are guidelines developed by the Institute of Rural Health in Lublin, Poland, according to which the threshold limit value for the work environment contaminated with organic dust is 100×10 3 cfu/ m 3 for total mesophilic bacteria count -20×10 3 cfu/m 3 Gramnegative bacteria and 50×10 3 cfu/m 3 for fungi. Exceeding the occupational exposure limit increases the risk for potential harmful effects in exposed workers.
Comparing the values of microbiological contaminants recorded in both seasons, it is evident that atmospheric air temperature did not affect them. However, the measurements made by Nehme et al. [13] indicated significant influence of a season on the level of microbial pollutants. In the winter, elevated microbial concentration resulted from a reduced ventilation rate in the pig house. The studies of Kim et al. [28] have also shown that air microorganism numbers are significantly affected by raised air relative humidity and increased air movement. It means that a appropriate ventilation system in swine housing facilities should be well designed and managed since it greatly influences bioaerosol concentration in the swine house.
The current study shows a relatively low species variation in air microflora composition. Similar to Changa et al. [29] , Gram-positive bacteria from the Staphylococcus and Micrococcus genus had high percentage contribution to total air microorganisms. Bacteria from the Enterococcus, Rodococcus and rod-shaped Corynebacterium spp. were also identified.
Gram-negative bacteria content in the pig unit air varied widely and ranged from 7.7% -22% in the total pool of identified bacteria. Bacteria from the Acinetobacter and Pseudomonas alcaligens genus were most abundant among them. Faecal streptococci were recovered only in the winter season, on average at the 7.6×10 5 cfu/m 3 level. According to the classification by Dutkiewicz et al. [30] , these bacteria belong to Hazard Group 2 and can trigger allergic and immunotoxic reactions induced by inhaled bacterial endotoxin (LPS). The microbiological evaluation showed that airborne fungal concentration in the analyzed pig unit was similar to the levels determined by Adhikari et al. [31] but markedly lower than that reported by Radon et al. [9] .
In the summer samples, Aspergillus spp. represented more than 99% of identified fungi. Other frequently identified fungi included Fusarium spp., Ulocladium spp., Penicillium spp., Rhizopus spp. and Cladosporium spp. During the winter fattening, only 4 genus were identified. In the summer season, the genus differentiation of isolated bacteria was also higher.
Chang et al. [29] reported that among the fungi identified in the air samples from the swine housing unit, those of the Cladosporium genus were most abundant and, as the authors stated, this species may account for over 90% of the isolated fungi in the spring months. However, Jahnz-Różyk [32] indicated that these fungi, beside those from the Alternaria, Penicillum and Aspergillus genus, are the most common cause of inhaled allergy. Importantly, moulds are a source of not only mycotoxins but also of other volatile organic compounds (aldehydes, ketones, etc.) producing poisoning with general symptoms, immunotoxic glucans (1.3-beta-D-glucans) and also large molecule glucose polymers constituting fungal cell walls. The particles are responsible for ODTS development and chronic bronchitis incidence. Exposure to fungal metabolites can have an immunosuppressive or irritating effect on the mucosa of the airways, leading to chronic inflammatory conditions of the airway.
CONCLUSIONS
Air sanitary state in the workplace has a direct effect on the health and mood of workers, and therefore constitutes a vital aspect of occupational safety. Workers engaged in swine rearing and production are occupationally exposed not only to high concentrations of microbial contamination, but also to irritating and odorogenous volatile compounds. Evaluation of the gaseous composition of air in the pig housing unit showed that, irrespective of the fattening season, the level of contaminants determined, especially ammonia, volatile gaseous organics VOCs (methanethiol) and total dust, could adversely affect the health of pig facility workers. Notably, the chemical pollutants detected in the analyzed building could act in concert with biological agents also present, and have a negative synergistic effect on workers' health. Regarding the protection of pig producers health and safety, it is necessary to emphasize the relationship between the contamination level of a working environment, and the health effects in exposed workers. Thus, activities directed at the promotion of health prevention strategies, as well as effective guidelines for safe and hygienic animal housing, should be implemented.
